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Introduction
The Kellogg Company currently produces a “Marshmallow” Syrup as a binder ingredient for the
production of several bars. The process is divided in four sections: Gelling Mix Tank, Syrup Mix
Tank, Syrup Cool Tank, and Syrup Use Tank. Currently, the syrup takes around two hours to be
processed and transferred into the syrup use tank. This is therefore the rate limiting step for the
process, also understood as the time it takes to start a new batch. To decrease this time, Kellogg’s
engineers have manipulated the addition of ingredients and attempted to shorten the heating and
cooling times. This has resulted in underdone or sticky discharged product that presented clumps of
undissolved sugar.
1.1 Problem Statement
The aim for this project is to optimize the cycle times, so that the amount of energy use for each batch
can be reduced by altering the heat transfer rates of the process. There are two options that have been
discussed with the company to switch their current batch process to a continuous process, or by
integrating new equipment to their current process to accelerate the cooling and heating steps. Both
options need to result in an increase of production rate. If the continuous process is better than their
current batch process, Kellogg’s would like to hit an end-production goal of 80 lb/min.

1.2 Current Process Flow Diagram
The current batch process that Kellogg’s works with is shown below and has multiple mixing, heating,
and cooling steps to reach the desired Brix percent of the discharged syrup product while also
maintaining the bloom strength of the mixture. The time employed at every tank is shown under every
tank picture. The main objective is to decrease the total time needed for every batch. This will be
achieved by optimizing the batch process and its heat transfer challenges or by switching to a
continuous process operation.
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Figure 1: Current batch process for syrup manufacturing

1.3 Current Process Description
The current process uses a 400 gallon batch tank (syrup mix tank in figure 1 above) that mixes the
first load of ingredients before heating it to 165°F from an average temperature of about 85°F, the
load consists of liquid corn syrup, water and dry low solubility sugar with a majority of the mixture
being corn syrup. The corn syrup is pumped into the syrup tank at 110°F and the Low Solubility
sugar and water is added at 75°F. After the low solubility sugar is dissolved, the second load of
ingredients is added at 75°F, the load consists of corn solids and crystal sugar, that mixture is mixed
for three minutes and heated up to 185°F. The final load of ingredients (crystallized fructose) is
added heated to its maximum temperature of 220°F and mixed for 10 minutes. After mixing, the
product is decreased in temperature to 185 °F before humectant and spices are added to the tank. The
mixture is later transferred into the cool tank (about 400 gallons) in order to achieve a lower
temperature.

At the same time, the last load of ingredients containing the whipping agent is also added to the cool
tank so that both mixtures are well blended together. The whipping agent is previously prepared in a
separate 300-gallon tank with 145°F water and a pre-made gelling agent. After obtaining a
homogeneous mixture in the cooling tank, the syrup is ready to be transferred to the use tank for
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further processing (outside the scope of the project). Every batch consists of approximately 3780
pounds of syrup and the total time employed to create this process is 124 minutes. The 2-hour total
time for the syrup mix tank acts as the rate limiting step for the batch, this means another batch is
started right after discharging the main mixture into the cool tank. The rate limiting step can be
reduced to 115 minutes since transferring and cooling times of the other two tanks are not accounted
for. This was an important finding to start with in order to calculate the assumed current mass
balances and the other mass flow balances for the proposed designs for future comparisons and
analysis.
1.3.1 Material Balance for Current Process
After becoming familiar with the process of marshmallow syrup manufacturing, a theoretical flow
rate was calculated in order to understand what the production rate would be if the process was
considered continuous. This was helpful in order to have a standard or a main reference to compare
the achieved flow rates on the other designs with and to evaluate the best scenario for the project so
that one of the designs can be recommended.

The following tables show the theoretical mass balances around each tank in two different units. One
value has the number of pounds that come in and out of each tank while the other tank shows the rate
at which the ingredients come in and out of the tanks. Again, the rate is just used as a reference to
what it would be if this process was considered continuous.
Table 1: Mass Balance for Current Process in lbs and as a “Continuous Rate” of 32.86 lbs./min
Table 1.1: Material Balance around Syrup Mix Tank
Discharge Temperature:185 °F

Stream In (lb/min)

In (lbs)

Out (lb/min) Out (lbs)

Mass Balance (lb/min) Mass Balance (lbs)

A

31.3975

3579.31

0.0000

0

-31.3975

-3579.3100

B

0.0000

0

31.3975

3579.31

31.3975

3579.3100

31.3975 3579.3100

31.3975

3579.3100

0.0000

0.0000

Total:
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Table 1.2: Material Balance around Gelling Tank
Discharge Temperature:165 °F

Stream In (lb/min) In (lbs) Out (lb/min) Out (lbs)

Mass Balance (lb/min) Mass Balance (lbs)

C

1.7544

200.00

0.0000

0

-1.7544

-200.0000

D

0.0000

0

1.7544

200.00

1.7544

200.0000

Total:

200.000
1.7544
0

1.7544

200.0000

0.0000

0.0000

Table 1.3: Material Balance around Cool Tank
Discharge Temperature:165 °F

B+D
E
Total:

33.1518

3779.31

0.0000

0

-33.1518

-3779.3100

0.0000

0

33.1518

3779.31

33.1518

3779.3100

33.1518 3779.3100

0.0000

0.0000

3779.310
33.1518
0

The total product batch hypothetical flow rate was calculated using the the total weight of the syrup
product of 3779.31 pounds divided by rate limiting step of the syrup cook tank of approximately 115
minutes.

Table 1.4: Flow rates for current batch process and goal flow rate
Assuming a 115 minute per batch time,
Total mass flow: 32.86 lbs/min
If the process were to be continuous,
End- goal mass flow:

80 lbs/min

Restating the objective previously mentioned, the current flow rate does not meet the specifications
Kellogg’s had suggested (to hit 80 lbm/min). Therefore, to make this project more useful and
appealing to Kellogg, the design was focused on achieving a flow rate of 80 lb/min.
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1.3.2 Current process Energy Balance
The current heating and cooling duty (per step) is shown in Table 5 below. Overall the system
requires approximately 200,000 Btu of heating and 72,000 Btu of cooling per hour. The cooling is not
taken into account currently because the actual operation has a waiting time of around 23 minutes in
order to let the syrup mixture cool from 220 ºF to 185 ºF. No utilities are used in order to cool down
the syrup, instead it is rested while it loses heat to the environment. The majority of the heat needed
is from step 3 (addition of fructose) when the mixture is heated from 185 ℉ to 220 ℉. To reduce
energy consumption, we focused on optimizing the heat transfer in in loading step 1 and loading step
three (refer to table 2 below).
Table 2: Current Energy Balance Breakdown. Heating Requirements Per Step
Description
First Load
Second Load
Third Load
Syrup Cool Tank
Total Heating
Requirement:

Energy
Requirements
(BTU/batch)

Energy Requirements
(BTU/hr)

121475.9

63378.7

96452.1

50322.9

158344.7

82614.6

5201.2

2713.7

381474.0

199029.9

1.4 Syrup Research
To initially understand the process better we researched marshmallow syrup production. In
marshmallow production, there are two main ingredients of interest, the syrup solution and the
whipping or gelling agent. For the research of the manufacturing of marshmallows, the book “Sugar
Confectionery and Chocolate Manufacture” by Lees and Jacksons published in 1973 was used. Even
though the concerns of the project involve the syrup as an intermediate good of the manufacturing
process only, it was still necessary to also comprehend the other components of marshmallow
manufacturing to better understand the limitations of the project and narrow down initial ideas.
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1.4.1 General Marshmallow Manufacturing
Marshmallows are made from only a few sweeteners and emulsifying agents. Sweeteners include
corn syrup, sugar, and dextrose. Proportionally, in these types of syrups there is more corn syrup than
sugar because it increases solubility and retards crystallization (Lees, 1973). Corn starch, modified
food starch, water, gum, gelatin, and/or whipped egg whites are used in various combinations and the
resulting combination gives the marshmallows their texture. They act as emulsifying agents by
maintaining fat distribution and providing the aeration that makes marshmallows fluffy. Gum,
obtained from plants, also can act as an emulsifier in marshmallows, but it is also important as a
gelling agent (Lees, 1973).

In marshmallow manufacture, the gelling agent should be soaked before use in at least 4 parts cold
water for every 1 part of gelling material: more water makes the agent of the highest possible quality
giving also low viscosity solutions. A low-grade whipping material normally produces a texture of
poor color. In the manufacture of aerated products, high bloom strength enables a lower percentage of
the agent to be used, which, in turn, reduces the viscosity; this permits a lower back pressure and
discharge temperature (Lees, 1973).
1.4.2 Syrup Handling
Liquid sugar, a solution of sucrose in water, has a sucrose syrup of 66.5° Brix or less. A balanced
liquid mixture of sucrose, glucose syrup, and inverted sugar can be of value to the sugar confectioner
in that the weighing out of the individual components is replaced by simple metering to the pans
(Lees, 1973). Liquid sugars are subject to spoilage and hence the syrups have a limited life. Tanks
made of both stainless steel and resin lined mild steel give it highly polished internal surfaces vital for
cleanliness. Once emptied, a liquid sugar storage tank and its associated pipework should be
sterilized before each reloading.

There are two ways available for sterilizing; by steaming or by flushing with a sterilant. Before either
process, the empty tank and associated pipelines should be rinsed with warm water until the drained
liquor is free of sugar. If the sterilization is with steam, then enough steam should be passed into the
system to produce a temperature on the interior surfaces of 100°C (212°F); this should be held for at
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least 30 minutes. Alternatively, after washing with hot water, a hot solution of sterilizing agent
should be held in contact with the internal surfaces of the tanks and pipes for a minimum of 30
minutes, after which the whole is flushed with potable water. A sterilizing agent solution can be used
more than once, but dilution by flush water will lessen its effect (Lees, 1973).
1.4.3 Gelling Agent
Gelatin or pectin type products are used in the confectionary manufacturing for a variety of reasons.
From acting as a whipping agent giving marshmallows its chewy texture to the viscous nature of pies
and jams. Gelatin is derived from collagen, a constituent of bones and skin by use of acid. There is
one main measurement that is important in the study or use of gelatin and is known as bloom (gelatin
strength). Bloom can be measured by applying weight to the gel product until it begins to depress, or
the force needed to turn a blade inserted into the jelly (Lees, 1973).

The strength of gelatin is affected by the pH of the solution, length of time the gelatin solution has
been prepared, and the temperature of storage. At 50°C (41° F), the strength of the gelatin is at its
maximum within an hour, while gelatin solutions held at 21°C (70° F) may take up to eight hours to
approach the same gel strength. Heat received during processing has the most marked result on
gelatin strength. Once the temperature exceeds 80° C (176° F) gelatin degradation occurs. The lower
the pH the greater is this breakdown. Holding a gelatin mix at 120° C (248° F), for a short period,
results in a loss of over 25% in the bloom strength. Hot syrups should always be cooled to at least
90° C (194° F) before being run in a thin stream into the prepared gelatin and water mixture. (Lees,
1973).

The viscosity of gelatin solutions is particularly important for the whipping properties of a
marshmallow syrup solution. A good quality gelatin for marshmallow production must have a high
bloom strength, (180 to 220) and a low viscosity. At high viscosities, the volume of foam produced
is lowered. To hold the foam, the whipping solution should have at least 30% sugar solution during
whipping, but it becomes more difficult once this has risen to over 45%. There is little change in
viscosity of gelatin solutions above 40° C (104° F), but significant changes occur below 30° C (86°
F). Gelatin is difficult to disperse in hot syrups particularly if it is of a large granule size. A 7-8%
level of gelatin has a bloom strength of 220, suitable for table jelly manufacture while, 10% to 12%
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that has a 100 to 120 bloom gelatin should be used for fruit jelly lines. Marshmallows require 2-3%
of a 220 bloom low viscosity high grade gelatin for the foam quality (Lees, 1973).

Market Survey
The purpose of this market research is to gather data on customers and potential customers of sugarbased syrups. The collected data aids significantly to business decision making which therefore
reduces the risks in making wrong decisions. In order to support the purpose of the project and
maintain Kellogg’s interests, its is important to fully understand the needs of this target market. This
market survey was done to ensure that Kellogg's was fully aware of all relevant issues as well as of
present and future inclinations in the market. The comparison of two syrups that act as intermediate
goods are shown below: High Fructose Corn Syrup, which can be considered as the syrup most
similar to the one made by Kellogg’s Company, and the market competitor which is Inverted Sugar
Syrup.

Figure 2: High Fructose Corn Syrup (HFCS) Market Survey

2.1 High Fructose Corn Syrup (HFCS)
On one hand, high-fructose corn syrup (HFCS) is a liquid sweetener used in the food & beverage
industry. Globally, countries with high HFCS consumption are being associated with a high
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prevalence of diabetes, therefore the demand for HFCS is expected to intensify over the forthcoming
years. However, since the number of calories present in HFCS is not less than that in sugar, its
consumption might decrease among the health-conscious consumers. Moreover, excess consumption
of added sugar in any form, including HFCS, can pose several negative effects on human health such
as obesity, which is another major factor responsible for the slowdown of the high fructose corn
syrup market.

Figure 3: Inverted Sugar Syrup Market Survey
2.2 Inverted Sugar Syrup

Inverted Sugar Syrups or Inverted Sugars are chemically made up of a mixture of glucose and
fructose. Due to their unique properties, invert sugar syrups have been used extensively in the food
and beverage industry.The major application of invert sugar syrups is that they are sweeter than the
regular sugars and have 20% less carbohydrates. Its properties have triggered the demand for these
products and have fuelled the growth of the inverted syrups in the market. The awareness of
consumers is that invert sugar syrups have been known to promote obesity and this may retard the
growth of the invert sugar syrups. The growing demand for other natural and artificial sweeteners
may suppress the growth of the invert sugar syrups market. Hence, educational marketing regarding
the unique benefits of the invert sugar syrups may retain its existing market share in the sweetener
market.
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2.3 High Fructose Corn Syrup vs Inverted Sugar Syrup

In conclusion, the demand of syrups with simpler sugars is growing in demand as the increasing
health consciousness among consumers grows. The Sugar Syrup Market is highly competitive and
marked by the presence of various large and small vendors competing based on price, quality,
innovation, reputation, and distribution.

Marshmallow Syrup Continuous Process Design
In order to improve the current production of this syrup, it is proposed to implement a continuous
process line which includes the immersion of different systems and equipment that will not only help
reduce the time employed for its manufacture, but also to slowly increase production rate. The main
focus of this project is around the use of scraped surface heat exchangers in series since they are
known to significantly improve the heating and cooling steps of a process while minimizing time
consumption and maintaining quality of production. The scope of the project is furthered explained
within the next sections.

3.1 Process Flow Diagram

Figure 4: Continuous Process Design for Syrup Production

17
3.2 Overall Process Discussion
3.2.1 Process Description
The process flow diagram shown above presents the main proposal for this project. After a few
evaluations of mixing of ingredients with Kellogg’s, it is proposed to add the first load of raw
materials (corn syrup, water, low solubility sugar, sugar, and corn solids) in a premixer in order to
heat them up to the first initial temperature of 140 °F. The ingredients will be mixed for around six
and half minutes in order to have a rough homogeneity so that the mixture can later be pumped into
the first scraped wall heat exchanger. The heat exchanger will ensure that the product is heated to the
first main temperature of 185°F.

Once the mixture is heated, it can be later transferred into an inline mixer. The inline mixer is capable
of mixing two different incoming streams while providing consistency and more homogeneity of the
discharged product. Therefore, crystallized fructose will be inserted into the mixer along with the
discharge stream from the premixer so that these two streams mix for about five minutes and later
achieve a second discharge temperature of between 175 °F and 185 °F. Once most of the mixing
steps of the process are completed, the mixture goes into the next heating and cooling steps where
two additional scraped surface heat exchangers are used.

The scraped surface heat exchanger is mainly used to handle different products with significantly
viscous characteristics because of its features inside of the tube where the product flows. The tube
contains a shaft with rotating scraper blades inside of it that continually remove any deposition on the
heat exchanger surface, thereby maintaining the heat transfer rate and enabling extended runs without
fouling. The mixture will flow and achieve a maximum temperature of 220 °F. To avoid any
denaturation of the heated mixture, it needs to be set for cooling immediately to 165 °F on the last
heat exchanger.

After the heating and cooling steps are done, the product is discharged into another inline mixer in
order to blend the last incoming stream of ingredients (gelling or whipping agent, humectant, and
spices) with the discharged stream coming from the last heat exchanger. The inline mixer is set up to
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blend the mixture for another five minutes so it can achieve the desired consistency and deliver an
homogeneous mixture of syrup in the discharge stream coming out at 165 °F.
3.2.2 Material Balance
To establish a comparison between current and end-goal production, the following tables show the
mass balance that contain the same production rate from the current process but adapted to the
proposed continuous process. This will prove useful later in the economic analysis section.

Table 3: Mass Balance for Continuous Process adapting current rate of 32.9 lbs./min
Table 3.1: Material Balance around Premixer
Discharge Temperature: 140 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

A

23.9632

0.0000

-23.9632

B

0.0000

23.9632

23.9632

23.9632

23.9632

0.0000

Total:

Table 3.2: Material Balance around Scraped Surface Heat Exchanger 1
Discharge Temperature: 185 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

A

23.9632

0.0000

-23.9632

B

0.0000

23.9632

23.9632

23.9632

23.9632

0.0000

Total:

Table 3.3: Material Balance around Inline Mixer 1
Discharge Temperature: 185 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

C

23.9632

0.0000

-23.9632

D

6.2242

0.0000

-6.2242

E

0

30.2

-30.2

30.1874

30.1874

0.0000

Total:
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Table 3.4: Material Balance around Scraped Surface Heat Exchangers
Discharge Temperature: 220 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

E

30.1874

0.0000

-30.1874

G

0.0000

30.1874

30.1874

30.1874

30.1874

0.0000

Total:

Table 3.5: Material Balance around Inline Mixer 2
Discharge Temperature: 165 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

G

30.1874

0.0000

-30.1874

H

2.6726

0.0000

-2.6726

0

32.9

-32.9

32.86

32.86

0.0000

Discharge
Total:

In addition, the mass balance tables for the end-goal production of 80lb/in are also attached in order
to establish a comparison of different production rates in the future sections.

Table 4: Mass Balance for Continuous Process adapting current rate of 80 lbs./min
Table 4.1: Material Balance around Premixer
Discharge Temperature: 140 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

A

58.3401

0.0000

-58.3401

B

0.0000

58.3401

58.3401

58.3401

58.3401

0.0000

Total:
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Table 4.2: Material Balance around Scraped Surface Heat Exchanger 1
Discharge Temperature: 185 °F
Stream
Stream

In (lb/min)

Out (lb/min)

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)
Mass Balance (lb/min)

B

58.3401

0.0000

-58.3401

C

0.0000

58.3401

58.3401

Table 4.3: Material Balance around Inline Mixer 1
Discharge Temperature: 185 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

C

58.3401

0.0000

-58.3401

D

15.1533

0.0000

-15.1533

E

0

73.49

-73.49

73.4934

73.4934

0.0000

Total:

Table 4.4: Material Balance around Scraped Surface Heat Exchangers
Discharge Temperature: 220 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

E

73.4934

0.0000

-73.4934

G

0.0000

73.4934

73.4934

73.4934

73.4934

0.0000

Total:

Table 4.5: Material Balance around Inline Mixer 2
Discharge Temperature: 165 °F
Stream

In (lb/min)

Out (lb/min)

Mass Balance (lb/min)

G

73.4934

0.0000

-73.4934

H

6.5066

0.0000

-6.5066

0

80.00

-80.00

80.0000

80.0000

0.0000

Discharge
Total:
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As an initial comparison, it can be clearly seen that more mass is present in the incoming streams
when achieving the end-goal production rate compared to the streams from the current production
rate. This then leads to the idea that time is for sure minimized at the 80lb./min goal and this rate can
only be achieved if the equipment used is strategically arranged and has capabilities of running syrup
at the appropriate rate.
3.2.3 Energy Balance

As the step were broken down and redesigned to fit a continuous process flow diagram, the addition
of ingredients changed from the initial load setups. Therefore, the energy required is different during
the multiple stages of the current and the new process. A total energy input of 175,066.9 BTU/hr is
needed for the continuous process operating at a rate of 32.86 lbs/min (current production) and for the
end-goal production rate of 80 lbs/min a total energy input of 441,516.6 BTU/hr is needed. In section
4 of the report, an economical analysis shows what is the total cost per year to operate this process at
these different production rates. The tables shown below have the calculated heat transfer
requirement (in BTUs/hr) for the entire process and broken down for each equipment in the process,
initially for the current production rate of 32.86 lbs/min and then for the end-goal production rate of
80 lbs/min.

The tabulated values show the enthalpy rate difference between the outlet and the inlet of each unit,
ultimately showing how much heat transfer is needed in order to comply with the heating and cooling
requirement of the entire process and each of the units. These heat transfer calculations do not take
into account heat transfer inefficiencies, such as but not limited to: losses in convection or
conduction, mechanical inefficiencies of the units, fouling factors, etc.
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Table 5: Energy Balance Balance for Continuous Process adapting current rate of 32.86 lbs./min
Table 5.1: Energy Balance around Premixer
Premixer 1

Stream

Description

Qin (BTU/min)

A Fresh Feed

1723.554

B Heated Feed Mix
Difference

Qout (BTU/min)

2411.590

Out-in

688.036

Table 5.2: Energy Balance around Contherm 1
Contherm 1
Stream

Description
B Mixture @ 165 °F

Qin (BTU/min)
2411.590

C Mixture @ 185°F
Difference

Qout (BTU/min)

3186.744

Out-in

775.154

Table 5.3: Energy Balance around Inline-Mixer 1
In-line Blending Unit 1
Stream

Description
C Heated Feed Mix
D Crystallized Fructose
E Mixture @ 185 °F

Difference

Out-in

Qin (BTU/min)

Qout
(BTU/min)

3186.744
398.717
4170.247
584.786
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Table 5.4: Energy Balance around Contherm 2
Contherm 2

Stream

Description

Qin (BTU/min)

E Mixture @ 185°F

4170.247

F Mixture @ 220°F
Difference

Qout (BTU/min)

4959.213

Out-in

788.966

Table 5.5: Energy Balance around Contherm 3
Contherm 3
Stream

Description

Qin (BTU/min)

F Mixture @ 220°F

4959.213

G Cooled Syrup Mixture
Difference

Qout (BTU/min)

3719.410

Out-in

-1239.803

Table 5.6: Energy Balance around In-line Blending Unit 2
In-line Blending Unit 2
Stream

Description

Qin (BTU/min) Qout (BTU/min)

E Heated Feed Mix

3719.410

F Crystallized Fructose

52.950

G Final Syrup Product
Difference

3954.957

Out-in

182.598

Table 6: Energy Balance for Continuous Process adapting end-goal production of 80 lbs/min

Table 6.1: Energy Balance around Premixer
Premixer 1
Stream

Description
A Fresh Feed

Qin (BTU/min)
4196.115

Qout (BTU/min)
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B Heated Feed Mix
Difference

5871.187

Out-in

1675.072

Table 6.2: Energy Balance around Contherm 1
Contherm 1
Stream

Description

Qin (BTU/min)

B Mixture @ 165 °F

Qout (BTU/min)

5871.187

C Mixture @ 185°F
Difference

7758.355

Out-in

1887.167

Table 6.3: Energy Balance around Inline Mixer I
In-line Blending Unit 1
Stream

Description

Qin (BTU/min)

C Heated Feed Mix

Qout (BTU/min)

7758.355

D Crystallized Fructose

974.496

E Mixture @ 165 °F
Difference

10162.113

Out-in

1429.262

Table 6.4: Energy Balance around Contherm 2
Contherm 2

Stream

Description

Qin (BTU/min) Qout (BTU/min)

E Mixture @ 185°F

7758.355

F Mixture @ 220°F
Difference

9226.151

Out-in

1467.797

Table 6.5: Energy Balance around Contherm 3
Contherm 3
Stream

Description

Qin (BTU/min)

Qout (BTU/min)
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F Mixture @ 220°F

9226.151

G Cooled Syrup Mixture
Difference

6919.614

Out-in

-2306.538

Table 6.6: Energy Balance around In-line Blending Unit 2
In-line Blending Unit 2
Stream

Description
G Heated Feed Mix

Qin (BTU/min) Qout (BTU/min)
6919.614

H Crystallized Fructose

128.910

Discharge Final Syrup Product
Difference

Out-in

-7048.523

3.3 Major Equipment Specifications
When designing the continuous process, new equipment was the most important factor to consider.
The addition and immersion of scraped surface heat exchangers, inline mixers, pumps, and dry raw
materials dosing systems were strategically selected in order to create an optimum design with a
promising functionality. A small description for each equipment is detailed in this section below.

3.3.1 Scraped Surface Heat Exchangers
Scraped surface heat exchangers (SSHEs) are one of the most versatile pieces of processing
equipment we found during research. The heat exchanger can handle products that are viscous, that
contain particles, and that tend to deposit and form films on the heat transfer surface. Operational
versatility makes SSHEs especially attractive for food processors (Darlington, 1972). These types of
exchangers are mechanically aided, turbulent film heat exchangers. Their versatility also lies in the
use of different heat transfer media like: water, brine, steam, freon, and ammonia for the products that
require remarkably different processing including mixing, emulsification, and whipping. (Rao, 2006).
The critical factors in determining the efficiency of SSHEs while in operation are the residence time,
distribution of the particulate matter, the overall heat transfer coefficients, and the
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potential for damage to the particulates (Alhamdan and Sastry, 1998; Li and Choplin, 1992; Milton
and Zahradnik, 1973). For our purposes, we only concerned ourselves with the overall heat transfer
coefficient, this is due to the fact that we want to break up any lumps of sugar that was not blended
into the mixture by the inline mixer.

3.3.2 In-line Blending Mixers
In-line blending is a method where the components of a mixture are proportionally and
simultaneously introduced into a discharge header equipped with an in-line mixer. An in-line mixer.
An in-line mixer contains a rotor–stator array which is contained in a housing with an inlet at one end
and an outlet at the other end, and the rotor is usually driven through a seal. The components of the
mixture are drawn through the generator array in a continuous stream, with the whole acting as a
centrifugal pumping device. (Chemical Processing, 2003).

The most important advantage of the in-line mixer is that it allows the mixing of chemicals just in
time prior they go into another equipment. Traditional mixers usually make large batches of each
emulsion. Often, these emulsions sit in storage awaiting use. Bacteria growth can contaminate and
change color in these emulsions, therefore, ruining them. This type of mixing makes smaller amounts
of each emulsion and use the chemical compounds as they are needed. Another important advantage
is that in-line mixers reduce labor requirements because it is an automated system and it has a
controls section where an operator supervising its well-functioning is the only labor required
(Chemical Processing, 2003).
3.3.3 Positive Displacement Pumps
A Positive Displacement Pump uses an expanding cavity on the suction side and a smaller cavity on
the discharge side. Liquid flows into the pumps as the cavity on the suction side expands and the
liquid flows out of the discharge as the cavity collapses. The volume is a constant given each cycle of
operation. Unlike a Centrifugal pump that pressurizes the fluid to discharge, Positive Displacement
Pumps will produce the same flow at a given speed (RPM) no matter the discharge pressure. A
Positive Displacement Pumps is a described as a constant flow machine, or a Positive Displacement
Pump must never operate against closed valves on the discharge side of the pump like Centrifugal
Pumps. A Positive Displacement Pump operating against closed discharge valves continues to
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produce flow until the pressure in the discharge line is increased until the line bursts or the pump is
severely damaged or both. To denture this failure condition from occurring a relief or safety valve on
the discharge side of the Positive Displacement Pump is added. The relief valve can be internal or
external the pump. An internal valve should in general only be used as a safety precaution. An
external relief valve installed in the discharge line with a return line back to the suction line or supply
tank is highly recommended.
3.3.4 Dry Raw Material Dosing Systems
In order to make this process continuous, it is also important to note that raw materials will have to be
inserted at a continuous rate into the proposed production line. Therefore, it was decided that liquid
components will be continuously pumped into the premixer from their storage locations while dry
raw materials will be dosed under loss-in-weight systems. These systems work by weighing the entire
dosing module, the dosing hopper and its contents, the dosing device and drive unit, and measuring
the decrease in mass as the material is metered. When using these systems, variations in bulk density,
grain size and rheology have virtually no impact on the accuracy of the outcome, as the flow rate is
continuously monitored and regulated on the basis of weight. However, the important thing to
consider is to ensure that the dosing devices are sufficiently full of material this is why high-quality
systems feature integrated, fully automatic material refilling systems.

3.4 Vendor Research
To support this design idea, there were several vendors that were contacted, regarding scraped
surface heat exchangers, in-line mixers, positive displacement pumps, weighing and dosing systems
and many other equipment that was initially thought to work in the proposed production line. A small
description of the vendor and its product is shown below whereas the rest of the research made for
other types of equipment is shown in the Appendix.

28
3.4.1 Background
Alfa Laval
Background
Currently, Alfa Laval manufactures five different kinds of scraped wall heat exchangers. For
viscosities between 1000cp and 50,000cp there are two models of scraped surface exchangers that are
named as the Contherm Select and Contherm Max, respectively. For medium to high viscosity
(above 50,000cp) Alfa Laval has three units the Contherm, Contherm HP, and Convac. Based on the
information given by Kellogg’s, the viscosity of the syrup between 165 ℉ and 185 ℉ is 7000cp and
2100cp respectively.

The Application Engineer that was contacted was Jeff Wojtkowski. He mentioned the Contherm
Select was the best option that could fit into one of our ideas. The Contherm select heat exchangers
are not generally very big in size, and are precisely made to handle viscous liquids including syrups.
Alfa Laval has had projects where their equipment served as the transition from batch processes to
continuous processes and they also explained that these work even better if they are set-up in-series
styles in order to increase and optimize heat transfer rates with different mixtures continuously. A
picture of how the system is usually set-up is shown below.

Figure 5: Contherm Scraped Wall Heat Exchangers in-series style
Product enters the cylinder through the lower product head and flows upwards through the cylinder.
At the same time, the heating/cooling media travels in a counter-current flow through the narrow
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annular channel. The rotating blades inside of the exchanger continuously remove product from the
cylinder wall in order to ensure uniform transfer of heat from the media to the product. Product exits
the cylinder through the lower tangential port at the bottom.
3.4.2 Daxner Dosing Systems
Daxner Bulk Solids Technology offers a dosing system for medium to small batches of powdered or
crystalline material. The dosing silos are accurate to between 2 kg and can handle flow rates of 3000
kg/hr. The crystalline raw materials are stored in large silos and conveyed to the smaller silos where
they are dosed into the mixing unit. The crystalline raw materials are transferred from the small silos
via screw auger positive displacement pumps, where the material falls into the mixing chamber. A
picture to better visualize what is intended to do with this equipment is shown below.

Figure 6: Loss-in-weight Dosing System pictured from below the silos.
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Economic Analysis
4.1 Equipment Costs
The equipment, utilities, and other major measurable or derivable costs were either calculated or
researched. The equipment costs dollar values are taken from conversations with vendors, emails,
phone calls, skype meetings and such. This total equipment cost is then used in the next section to
calculate for the fixed capital investment, total capital investment and working capital.

Table 7: Continuous Process Equipment Costing
Qty
3
1
2
7
5

Equipment
Cost in USD
Contherm units
$120,000.00
Premixer
$14,515.00
Inline Mixer
Tanks
$13,530.00
Pumps
$10,150.00
Dosing system
$35,000.00
TOTAL
$193,195.00

4.2 Fixed Capital Investment, Total Capital Investment, and Working Capital
The table below outlines the prices of several direct and indirect costs related to this process. The
values are derived from the total delivered equipment cost calculated in the previous section. Then,
factors such as installation of the equipment, instrumentation and controls equipment that compliment
the process line, engineering and supervision costs, contingency, amongst other direct and indirect
costs are calculated using a modified Lang factor. This number helps estimate the cost based on the
Total Equipment Cost (TEC). Below is a table with all the dollar values of our direct and indirect
costs, our Fixed Capital Investment (FCI), Working Capital (WC), and Total Capital Investment
(TCI). A Total Capital Investment of $503,726.78 and a Working Capital of $83,954.46 are needed to
fund this optimization process.
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Table 8: Total Direct and Indirect costs
Direct costs
Purchased Equipment
Delivery, percent of purchased Equipment
Subtotal: delivered Equipment
Purchased Equipment Installation
Instrumentation and Controls
Piping (installed)
Electrical System (installed)
Buildings (including services)
Yard Improvements
Service facilities (installed)
Total direct costs
Indirect costs
Engineering and supervision
Construction expenses
Legal expenses
Contractor's fee
Contingency
Total Indirect cost
Fixed Capital Investment (FCI)
Working Capital (WC)
Total Capital Investment (TCI)

Solid- Fluid Processing Plant:
Fraction of delivered equipment
10%
39%
26%
31%
10%
0%
0%
4%

25%
20%
4%
8%
37%

15%

Calculated Values
$193,195.00
$19,319.50
$212,514.50
$82,880.66
$55,253.77
$65,879.50
$21,251.45
$0.00
$0.00
$8,500.58
$446,280.45
$53,128.63
$42,502.90
$8,500.58
$17,001.16
$78,630.37
$199,763.63
$646,044.08
$96,906.61
$742,950.69

4.3. Cash Flow Table Analysis
In Appendix A10, a cash flow table can be found. It outlines the depreciation of the process line
using a 5 year Modified Accelerated Cost Recovery System (MACRS) approach. As we do not have
a “profit” value because the product produced is an intermediate good, an estimated cost of the syrup
production per pound was estimated and a selling-point of 1.70$/lb is needed in order to break even.
If the syrup was to be sold at this price, the Net Present Value (NVP) of the project implementation is
$0.00. Assuming the syrup could be sold at a double of its production cost, 3.40$/lb, the yearly
profits would amount to 56.2 MMUSD and the NPV of the project, which takes into account the time
values of money, is found to be $47,818,094.32. These analysis assumes a 40% Minimum Acceptable
Rate of Return (MARR)
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4.4 Expenses Calculation
In order to know how much expenses the project will have on a single year, the raw materials cost,
utilities (steam, cooling water, electricity), common labor, usage of natural gas, scrap, and
ergonomics were all taken into account to calculate the cost of production per pound of syrup. Two
scenarios were considered where one will present the best situation that this process offers, versus the
other that presents the least significant scenario. Depending on the rate that needs to be achieved the
yearly expense changes significantly, considering it raises from an actual production rate of
32.0lbs/min to the goal of 80 lbs/min. The comparison between how the expenses can impact a
continuous process is explained later in this section.

4.5 Expenses Analysis & Assumptions
For a comparison that needed to be done for both batch and continuous process achieving the current
and future goal production rates there were some assumptions made for operating days, ergonomics,
labor pay, and scrap produced. All economic values are listed in dollars per calendar year, and one
calendar year is assumed to be 350 stream days (8400 stream hours) to allow for maintenance and
holiday downtime, as requested by the Kellogg Company.

All utility costs were calculated from pumping requirements, agitator power consumption, and steam
requirement based on energy balance of 80 lbs/min production rate. The cost of raw material was
meant to be around $1.75/lb. For labor, there will be one operator running the continuous process
lines versus 2 operators running a line for batch process. For the ergonomics portion, it is assumed
that the operator may suffer from a back injury. According to Spinal Institute, the cost of a back
injury is between $40,000 and $80,000. Finally, the scrap value was given, and it is mainly based on
½ batch per 2 weeks for CIP and full batch per week for quality controls. These assumptions helped
create a sensitivity analysis for this process where the best and worst situation is shown and explained
down below.
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4.5.1 Economic Analysis of Expenses Best and Worst Case
The following sections will detail our attempts to do a sensitivity test on the expenses including
common labor, raw materials, ergonomics, utilities and scrap.

4.5.1.1 Worst Case Scenario, Expenses Analysis
During the analysis of expenses we performed a sensitivity test on the key expense factors including
the utilities, ergonomics, common labor, and raw materials. During the analysis two factors were
seen as the most volatile factors of the expense: the ergonomics representing a potential back injury,
and the scrap representing the unusable syrup that is flushed out during CIP and used for quality. For
the analysis of the worst case scenario, it is assumed that the operator running the continuous line
gets an injury whereas none of the operators running the batch process will get an injury in the year.
Additionally, it is also assumed that no efficiency in scrap is achieved in a continuous process and so
the scrap rate and value from a batch process will remain the same in the continuous process.

Table 9: Continuous Process for Worst Case Scenario at Current Flow Rate
Achieving 32.86lb/min
Factors
Common labor

per hr
$25.00

per day

per year

$ Syrup/lb

$600.00

$210,000.00

$0.01

Cost of Raw Materials $3,450.30 $82,807.20
Ergonomics
Utilities
Scrap
TOTAL

$28,982,520.00
$40,000
$251,089.48
$330,750.00
$29,814,359.48

$1.75
$0
0.02
$0.02
$1.80
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Table 10: Batch process worst case scenario at current flow rate
Factors
Common labor
Cost of Raw
Materials
Ergonomics
Utilities
Scrap
TOTAL

per hr
$50.00

per day
$1,200.00

per year
$420,000.00

$3,450.30

$82,807.20

$28,982,520.00
$0
$94,139.86
$330,750.00
$29,827,409.86

$ Syrup/lb
$0.03
$1.75
$0
0.01
$0.02
$1.80

As seen above, the worst case scenario still has a savings of $8,000 per year meaning that there is still
no loss during the process .
4.5.1.2Best Case scenario Expenses Analysis
A sensitivity test of the common labor, cost of raw materials, ergonomics, utilities, and scrap yielded
a substantial savings due to the increase in the number of lines (full equipment line) for the batch
process over the continuous process. As for the labor portion, in this case it is assumed that the
person running the continuous line is not injured during the year, versus at least one of the two
persons running each batch process line gets an injury in the year. Regarding scraps, this time it is
assumed that the continuous process will only produce waste as of 1 batch per week for quality
controls whereas in the batch process it gets tripled. The continuous process was designed to work at
either the current rate or the final goal rate of 80 lbm/min, whereas, the batch process is capped at the
current rate. This means that to meet the goal rate of 80 lbm/min we need to add approximately 2
additional lines increasing all expense columns substantially resulting in an overall savings of
approximately $2MM per year (Tables for comparison below).
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Table 11: Continuous process best case scenario at 80 lbs/min
Factors
per hr
per day
per year
Common labor
$25.00
$600.00
$210,000.00
Cost of Raw
Materials
$8,400.00 $201,600.00
$70,560,000.00
Ergonomics
$0.00
Utilities
$189,969.80
Scrap
$165,375.00
TOTAL
$71,125,344.80

$ Syrup/lb
$0.01
$1.75
$0.00
$0.00
$0.01
$1.77

Table 12:Batch process best case Scenario at 80 lbs/min
Factors
Common labor
Cost of Raw
Materials
Ergonomics
Utilities
Scrap
TOTAL

per hr
$150.00

per day
$3,600.00

per year
$1,260,000.00

$8,400.00 $201,600.00

$70,560,000.00
$120,000
$282,419.57
$992,250.00
$73,214,669.57

$ Syrup/lb
$0.08
$1.75
$0
0.02
$0.06
$1.91

4.6 Incremental Investment Opportunity

If the continuous system is implemented the upper limits of the Contherm unit must be established to
determine the lowest flow rate of steam and highest flow rate of syrup that can flow through the unit
and still achieve an acceptable product. To help increase this flow rate the team proposes the
addition of a shell and tube heat exchanger to heat up the water that enters premix tank one for the
water inlet. If the Inlet water is heat to 200℉ the overall temperature of the corn syrup would only
increase by 2℉. However, increasing the temperature of the water will increase the rate at which the
low solubility sugar is dissolved decreasing the required mixing time and increasing production. The
overall benefit of this change is unknown at this time due to the lack of data on low solubility sugar
further testing is needed to determine the full benefit of this addition.
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Table 13: Temperature change of Syrup mix if water is heated
Material

Initial
Temperature (F)

Mass (lbm) cp
(BTU/lbm*F)

Final
Temperature (F)

Corn Syrup

110

1610

2.996

112.61

Water

200

144

1

Alternative Design
5.1 Marshmallow Syrup Batch Process Optimization
5.1.1 Process Flow Diagram

Figure 7: Optimization of a Semi-batch Process for Syrup Production

5.1.2 Description of the Process
The process flow diagram shown above represents their current batch process, but with the addition
of a heat exchanger in between their two mixers. The main goal of this process diagram is to optimize
their current process by two options. One uses a better, more innovated mixer that has the capabilities
to heat and mix at the same time, as well as conserve the heat, in order to avoid heat transfer rates
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losses. Second, an addition of a scraped wall heat exchanger that will cool the syrup in a more
efficient manner than their current cool tank. Therefore, these two options will make the process
faster, decreasing the cycle times, and also cheaper by using less energy consumed over short periods
of time.
5.1.3 Material Balance
Table 14 : Mass Balance for Continuous Process adapting current rate of 32.86 lbs./min
Table 14.1 : Material Balance around Supramix Mix Tank
Stream

in (lb/min)

A

23.28710843

1932.83

0

0

-23.28710843

B

9.92

823.24

0

0

-9.92

C

8.62

715.86

0

0

-8.62

D

0

0

41.8305

3471.93

41.8305

41.83048193

3471.93

41.83048193

3471.9287

0

Total:

lbs (batch)

out (lb/min)

lbs (batch)

Mass Balance (lb/min)

Table 14.2 : Material Balance around Scraped Wall Heat Exchanger
Stream

in (lb/min)

lbs (batch)

out (lb/min)

Mass Balance
(lb/min)

lbs (batch)

D

41.83

3471.93

0

0

-41.83

E

0

0

41.8305

3579.308

41.8305

41.83

3471.93

41.83048193

3579.308

0.00

Total:

Table 14.3: Material Balance around Scraped Wall Heat Exchanger
Stream

lbs (batch)

out (lb/min)

lbs (batch)

Mass Balance (lb/min)

E

41.8305

3471.93

0

0

-41.8305

F

3.70

307.38

0

0

-3.70

0

0

45.53

3779.31

45.53

45.5339

3779.31

45.53385542

3779.308

0.0000

Discharge
Total:

in (lb/min)

The mass balance shown above is based on a process that takes 83 minutes, instead of the 115
minutes that the process regularly takes. The 83 minutes does not take into consideration the
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efficiency of the new equipment been research, due to the lack of information. Therefore the time is
based on the same amount of time as the current batch process, but minus the transfering time, Brix
time, and cooling time. This is because the new process it not a batch process anymore, but a semibatch process instead.

5.2 Unsuccessful Alternative Designs
Down below we display four possible alternatives we developed for the process optimization of the
marshmallow syrup. Unfortunately, due to constraints added by the Kellogg team later in the project
all of these ideas had to be scrapped. PFD 1 and 3 will remain a batch process, whereas PFD 2 and 4
are possibilities for a continuous process.
5.2.1 PFD option 1
The batch process shown below will follow the same parameters as Kellogg’s current batch process.
The only difference is the addition of a heating and a cooling source. For the heating source we are
using a Coil Cooker and for the cooling source we are using a regular heat exchanger. Our objective
for the addition of heating and cooling sources is to have a more efficient way, faster, for the cooling
and heating process. Currently the process takes around 20 minutes to heat and 12 minutes to cool
and the goal is to reduce the time by at least 50% faster.

Figure 8: Modified batch process with an addition of a coil cooker followed by a scraped surface
heat exchanger.
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5.2.2 PFD option 2
The PFD below is a representation of how a continuous process will look like. Basically, the process
is expanded in more stations in order to have that continues process we are looking to achieve. There
will be no holds, down times or wait for the temperature to be changed. The ingredients will be
loaded and continued to move forward into the next station. The first load of ingredients will load to
the first heat exchanger, which has the capabilities to mix and heat at the same time. The mixture will
be heated to 165 F. Then the mixture will continue to move forward to the next station where the
second load of ingredients will be added, mixed, and passed through a heat exchanger that will heat
the mixture to 185 F. Then, the third load of ingredients (fructose) will be added in to a mixer and the
mixture will be passed through a third heat exchanger where its temperature will be risen to 220 F.

According to the recipe, after this step the syrup has to be for 10 minutes, so following our third heat
exchanger a buffer tank was added to mix and hold the syrup before it goes to the first cooling step of
the process line. A fourth heat exchanger will cool down the mixture to 185 F and following that the
last load of ingredients (Humectant and spices) into a mixer. Simultaneously, the gelling mix is being
prepared in a different tank and waiting to be added into our “cool tank”. The Cool Tank is where the
syrup and the gelling mix are blended together once the syrup reaches a temperature of 160-170 F.
Once that is complete, the syrup can be transferred to the “Use Tank”, a hypothetical
vessel/equipment where the marshmallow syrup created in this process line will be used in the
making of a Kellogg’s food product.
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Figure 9: Continuous process configuration using four premixers followed by four heat exchangers

5.2.3 PFD Option 3
The next PFD is still a batch process in a way where we will have to wait for the first batch to be
done, in order to continue with the next batch. The process is set up in a way where their current cool
tank will be replaced by recycling steps and an addition of a heat exchanger. The heat exchanger has
both capabilities, to mix and heat at the same time. Therefore, the first load of ingredients will load to
the pre-mixer and go ahead and mix for a shorter period of time and then move to the heat exchanger
to continue to mix what is left from the pre-mixer as well as heating or cooling depending on the step.
After the mixture has been heat/cooled will move back to the pre-mixer where the next load of
ingredients will be added to the mixture and the same process will repeat itself until the first batch is
concluded.
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Figure 10: Second Batch process optimization with a high capacity heat exchanger
5.2.4 PFD Option 4
For this last PDF was more based on exploring what are or will be the capabilities of the heat
exchanger been explore for this project. There are three companies that offer the heat exchangers he
have been looking for: SPX Flow, Alfa Laval, and Lee Industries. The three companies have a heat
exchanger that counts with a jacketed outside surface on which makes more effective the heat transfer
of the fluid been used. Therefore or PFD is based on the assumption where the heat exchanger could
be jacketed individually in different sections on which each section will be able to cool or heat,
without having the mixture to translate to another equipment. Then this process will be the best
option we will have, since will definitely reduce time and space of the process.

Figure 11: Theoretical model of a jacketed scraped surface heat exchanger with different inlets.
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Safety Constraints
When looking into equipment like this, it is always important to consider what the regulations and
process safety management procedures would be for either the continuous production line or the
batch optimization process. Although this project does not have to be involved in very chemical
hazardous environments, there is still a significant exposure of operators being involved with high
pressure steam or mixtures being processed at extremely high temperatures and therefore the
following concerns or factors that have been considered are described below.
6.1 Control of Hazardous Energy
According to OSHA Standard 1910.147, when working on machines or equipment that could
unexpectedly energize or start up need to have a physical break to prevent unexpected start up to
reduce these hazards, OSHA requires manufacturers to implement a full protection program including
standardized lockout/tagout protocols, full employee protection, and training and communication
about the hazards and safety procedures. For the purpose of this report only the lock out tag out and
training with communication of hazards was considered.
6.2 Lock Out-Tag-Out (LOTO)
According to OSHA standard regulations 1910.147, lockout tagout standard applies to servicing and
maintenance on numerous machines and pieces of equipment. Servicing and maintenance activities
are necessary adjuncts to the industrial process, enabling machines or equipment to perform their
intended functions. The core of the lockout/tagout standard, which permits employees to work on
machines or equipment safely, is the shutdown and de-energization of machinery and the isolation of
energy sources. This normally consists of stopping the machine or equipment, isolating it from its
energy sources, locking or tagging out the energy isolating devices, releasing or relieving stored or
residual energy, and verifying that the machine or equipment is safe to work on. Depending on the
final design there are several pieces of equipment at need to be de-energized before working on them.
From positive displacement pumps, to the motor of the scraped wall heat exchanger, and pre-mixer.
6.3 Training and Hazard Communications
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The purpose of hazard communication training according to OSHA is to explain and reinforce the
information presented to employees through the written mediums of labels and material safety data
sheets, and to apply this information in their workplace. Labels and material safety data sheets can
only be successful when employees understand the information presented and are aware of the
actions to be taken to avoid or minimize exposure, and thus the occurrence of adverse effects.

Training helps to integrate and classify the many pieces of information that relate to chemical hazard
communication. In a typical workplace, a worker may be confronted with posted hazard warnings,
signs, tags, incoming labels, workplace labels, material safety data sheets (MSDS), manuals
explaining the company hazard communication program, lists of chemicals, and information
furnished by the union. This wide variety of communications will differ in format, content and
reading level. These differences can obscure the important hazard communication message.

Training can reduce this background "noise" by presenting the necessary information in a structured
and logical manner. Because the syrup is over 140° F (From the Burn foundation- a third degree
burn can occur from five seconds of contact with tap water) worker should be trained on the proper
protective gear needed to cover hands and arms to prevent burns from hot pipes of syrup during
operation or monthly shut down. Employees should also be trained in basic first aid to treat burns
(for example, run cold water over the affected area).
6.4 HACCP Principles
HACCP or Hazard Analysis and Critical Control Points is a systematic approach to the identification,
evaluation, and control of food safety hazards based on the following seven principles: conduct a
hazards analysis, critical control points, critical limits, monitoring, corrective action, verification, and
bookkeeping (Alberta, 2015).

6.4.1 Conduct a Hazard Analysis
The purpose of conducting a hazard analysis is to develop a list of potential hazards that can cause
injury or illness if not effectively controlled. This is done in two stages or phases, in stage one the
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hazard is identified, and in the second stage the hazard is evaluated. During the first stage, a list is
developed of the potential biological, chemical or physical hazards that may be introduced, increased,
or controlled at each step in the production process (Alberta, 2015). An analysis of the syrup process
gave three distinct hazards; clothing or appendages caught in premix agitator while loading, splash
back from agitator while loading ingredients, and steam coming from the pre-mixer when loading. In
stage two, the Hazard Analysis and Critical Control Point (HACCP) team decides which potential
hazards must be addressed in the HACCP plan. Each potential hazard is evaluated based on the
severity and its likely occurrence. Ranked from most like to occur to least likely to occur steam
coming from pre-mixer, agitator catching on clothing, and hot syrup splashing from pre-mixer. In
order of severity agitator catching on clothing, and hot syrup splashing from pre-mixer.

6.4.2 Determine the Critical Control Points (CCPs)
A critical control point (CCP) is defined as a step which control can be applied and is essential to
prevent or eliminate a food safety hazard or reduce it to an acceptable level (Alberta, 2015).
Currently we do not have any contamination issues that Kellogg has not already implemented (hair
net, beard net, and hand washing). No other critical control points have been considered.
6.4.3 Establish Critical Limits
A critical limit is a maximum and/or minimum value to which a biological, chemical or physical
parameter must be controlled at a critical control point (CCP) to prevent, eliminate or reduce to an
acceptable level of occurrence of a food safety hazard. Critical limits are used to distinguish between
safe and unsafe operating conditions at a CCP. The critical limits and criteria for food safety are
derived from sources such as regulatory standards and guidelines, literature surveys, experimental
results, and experts (Alberta, 2015).
6.4.4 Establish Monitoring Procedures
Monitoring is a planned sequence of observations or measurements to assess whether a critical
control point (CCP) is under control and to produce an accurate record for future use in verification
(Alberta, 2015). For syrup production monitoring of incidents of burns, near miss with agitators, and
unscheduled down time from injury.
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6.4.5 Establish Corrective Actions
Where there is a deviation from established critical limits, corrective actions are necessary. An
important purpose of corrective actions is to prevent foods which may be hazardous from reaching
customers. Therefore, corrective actions should include the following elements: determine and
correct the cause of non-compliance, determine the disposition of non-compliant product, and record
the corrective actions that have been taken.
6.4.6 Establish Verification Procedures
Verification is defined as those activities, other than monitoring, that determine the validity of the
Hazard Analysis and Critical Control Point (HACCP) plan and that the system is operating according
to the plan. One aspect of verification is evaluating whether the HACCP system is functioning
according to the written HACCP procedures. An effective HACCP system requires little testing,
since sufficient validated safeguards are built in early in the process (Alberta,2015).
6.4.7 Establish Record-Keeping and Documentation Procedures
The records maintained for a Hazard Analysis and Critical Control Point (HACCP) system should
include the following: A summary of the hazard analysis, including the rationale for
Determining hazards and control measures. The HACCP Plan: List of the HACCP team and assigned
responsibilities, Description of finished product, including its distribution, intended use and target
consumer, list of product ingredients and incoming materials, Plant schematic, and Verified flow
diagram.

Conclusion
In conclusion, base on the production rate of syrup and labor our team has concluded that the
continuous process is the best option. For the batch process to produce the goal of 80 lbm/min the
Kellogg would need three lines with three employees and produces approximately 1.5 batches of
scrap from general CIP. With the continuous process the time (as compared to batch) would drop
from 115 minutes to 103, minutes at a minimum, and decreases the number of employees to 1 with
between 1 and a half batch of CIP scrap per month. Even with the increase in maintenance labor
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from increase in units to be serviced and increase in electricity cost, the savings from cutting labor
from three workers to one more than pays for these disadvantages (decrease of $104,000 in operating
costs per year).

Recommendations
8.1 Current Batch Process Recommendations
The goal is to offer recommendations to reduce the time per batch to decrease utilities and increase
the amount of syrup that can be produced per day. One of the largest time steps in the process, with
13 minutes for corn syrup transfer and 11 minutes for heating this first step could be key in
decreasing time of batches and energy consumption. Our team recommends the addition of a
jacketed static mixer for the corn syrup inlet to increase the temperature of the corn syrup to 165°F
before it is added to the syrup cook tank. Since, most of the mixture (83 weight percent) is corn
syrup, the temperature drop from the addition of water and Low Solubility is negligible. The overall
time decrease is assumed to be 11 minutes, not accounting for the decrease in transfer time from the
decrease in viscosity. This change would decrease the overall batch time from 114 minutes to 103
minutes or near 45 lbs. /min.
8.2 Continuous Process Recommendations
The current hypothetical continuous is slowed down by the need to mix the syrup solution until the
dries are completely dissolved into solution. There are two main factors that influence the rate at
which the dries dissolve into solution, the heat of the solution and amount of water. To increase the
rate of dries dissolving into solution is to increase the heat of solution and the amount of water.
Based on these facts we purpose research be done of the rate at which the current crystal fructose
dissolves in a solution of hot water to determine the minimum amount of water needed to dissolve the
desired amount of fructose. This new liquid fructose stream will be added into the syrup stream after
the 220°F to reduce the temperature before the syrup cooling step. If this process is done under by
adding in equipment such as the Lee Scraped surface heat exchanger the process can further reduce
transfer time processing more syrup per minute, decrease pumping power (addition of water will
decrease viscosity), and decrease steam utilities; but increase equipment cost by $150,000.
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Appendix
A.1 Mass Balance by Streams for Current Process
Table A.1.1: Mass Balance For Syrup Tank
Stream A
Ingredients
Corn Syrup

in (lb/min)

Stream B

lbs (batch)

% wt

out (lb/min)

lbs (batch)

% wt

14.13

1610.6895

0.45

14.13

1610.6895

0.45

water

1.26

143.1724

0.04

1.26

143.1724

0.04

LS sugar

1.57

178.9655

0.05

1.57

178.9655

0.05

Corn solids

0.94

107.3793

0.03

0.94

107.3793

0.03

sugar

6.28

715.862

0.2

6.28

715.862

0.2

Fructose

6.28

715.862

0.2

6.28

715.862

0.2

Humectant

0.63

71.5862

0.02

0.63

71.5862

0.02

Spices (solids)

0.31

35.7931

0.01

0.31

35.7931

0.01

31.40

3579.31

1

31.40

3579.31

1

Total

Table A1.2: Mass Balance For Gelling Mix Tank
Stream C
Ingredients

in (lb/min)

Stream D

lbs (batch)

% wt

out (lb/min)

lbs (batch)

% wt

Gellatin

1.32

150

0.75

1.32

150

0.75

water

0.44

50

0.25

0.44

50

0.25

Total

1.75

200.00

1.00

1.75

200.00

1.00

Table A1.3: Mass Balance For Cool Tank (same as Use Tank)
Stream B+D
Ingredients
Corn Syrup

in (lb/min)

lbs (batch)

Stream E
% wt

out (lb/min)

lbs (batch)

% wt

14.01

1610.6895

0.43

14.01

1610.6895

0.43

water

1.24

143.1724

0.04

1.24

143.1724

0.04

LS sugar

1.56

178.9655

0.05

1.56

178.9655

0.05

Corn solids

0.93

107.3793

0.03

0.93

107.3793

0.03

sugar

6.22

715.862

0.19

6.22

715.862

0.19

Fructose

6.22

715.862

0.19

6.22

715.862

0.19

Humectant

0.62

71.5862

0.02

0.62

71.5862

0.02
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Spices (solids)

0.31

35.7931

0.01

0.31

35.7931

0.01

Gellatin

1.30

150

0.04

1.30

150

0.04

water

0.43

50

0.01

0.43

50

0.01

Total

32.86

3779.31

1.00

32.86

3779.31

1.00

A.2 Mass Balance by Streams for Continuous Design Process
Table A2.1: Mass Balance Around Premixer

Premixer 1

Stream A

Ingredients:

In (lb/min)

Corn Syrup

Stream B
% wt

Out (lb/min)

% wt

14.0

0.58

14.0

0.58

Water

1.2

0.05

1.2

0.05

Low Solubility Sugar

1.6

0.06

1.6

0.06

Corn Solids

0.9

0.04

0.9

0.04

Sugar

6.2

0.26

6.2

0.26

Total

24.0

1.00

24.0

1.00

Table A2.2: Mass Balance Around Inline Blending Unit 1

In-line Blending Unit 1
Ingredients:

Stream B
In (lb/min)

Corn Syrup

Stream C

% wt

Stream D

In (lb/min)

% wt

Out (lb/min)

% wt

14.0

0.58

-

-

14.0

0.46

Water

1.2

0.05

-

-

1.2

0.04

Low Solubility Sugar

1.6

0.06

-

-

1.6

0.05

Corn Solids

0.9

0.04

-

-

0.9

0.03

Sugar

6.2

0.26

-

-

6.2

0.21

6.2

0.21

Fructose

-

-

6.2

1.00
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Table A2.3: Mass Balance Around Contherm Units
Contherm Units

Stream D

Ingredients:

In (lb/min)

Corn Syrup

Stream E
% wt

Out (lb/min)

% wt

14.0

0.46

14.0

0.46

Water

1.2

0.04

1.2

0.04

Low Solubility Sugar

1.6

0.05

1.6

0.05

Corn Solids

0.9

0.03

0.9

0.03

Sugar

6.2

0.21

6.2

0.21

Fructose

6.2

0.21

6.2

0.21

Table A2.4: Mass Balance Around Inline Blending Unit 2

In-line Blending Unit 2
Ingredients:

Stream E
In (lb/min)

Corn Syrup

Stream F

% wt

14.0

0.46

Water

1.2

0.04

Low Solubility Sugar

1.6

0.05

Corn Solids

0.9

Sugar
Fructose

In (lb/min)

Stream G

% wt

-

Out (lb/min)

% wt

14.0

0.43

2.5

0.08

-

1.6

0.05

0.03

-

0.9

0.03

6.2

0.21

-

6.2

0.19

6.2

0.21

-

6.2

0.19

1.3

0.49

Humectant

-

-

0.6

0.23

0.6

0.02

Spices (solids)

-

-

0.3

0.12

0.3

0.01

Gelling Agent

-

-

0.4

0.16

0.4

0.01

2.7

1.00

32.9

1.00

Total

30.2

1.00
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A.3 Mass Balance by Streams for Continuous Process Achieving End-Goal Production
Table A3.1: Mass Balance Around Premixer
Premixer 1

Stream A

Ingredients:

In (lb/min)

Corn Syrup

Stream B
% wt

Out (lb/min)

% wt

34.1

58.4%

34.1

58.4%

Water

3.0

5.2%

3.0

5.2%

Low Solubility Sugar

3.8

6.5%

3.8

6.5%

Corn Solids

2.3

3.9%

2.3

3.9%

Sugar

15.2

26.0%

15.2

26.0%

Total

58.3

100.0%

58.3

100.0%

Table A3.2: Mass Balance Around Inline Blending Unit 1

In-line Blending Unit 1
Ingredients:

Stream B
In (lb/min)

Corn Syrup

Stream C

% wt

Stream D

In (lb/min)

% wt

Out (lb/min)

% wt

34.1

58.4%

-

-

34.09

46.4%

Water

3.0

5.2%

-

-

3.03

4.1%

Low Solubility Sugar

3.8

6.5%

-

-

3.79

5.2%

Corn Solids

2.3

3.9%

-

-

2.27

3.1%

15.2

26.0%

-

-

15.15

20.6%

Sugar
Fructose
Total

-

58.34

100.0%

15.2

100.0%

15.2

20.6%

15.15

100.0%

73.49

100.0%
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Table A3.3: Mass Balance Around Contherm Units
Contherm Units

Stream D

Ingredients:

In (lb/min)

Corn Syrup

Stream E
% wt

Out (lb/min)

% wt

34.1

46.4%

34.1

46.4%

Water

3.0

4.1%

3.0

4.1%

Low Solubility Sugar

3.8

5.2%

3.8

5.2%

Corn Solids

2.3

3.1%

2.3

3.1%

Sugar

15.2

20.6%

15.2

20.6%

Fructose

15.2

20.6%

15.2

20.6%

73.49

100.0%

73.49

100.0%

Total

Table A3.4: Mass Balance Around Inline Blending Unit 2

In-line Blending Unit 2
Ingredients:

Stream E
In (lb/min)

Corn Syrup

Stream F

% wt

34.1

46.4%

Water

3.0

4.1%

Low Solubility Sugar

3.8

5.2%

Corn Solids

2.3

Sugar
Fructose

In (lb/min)

Stream G

% wt

-

Out (lb/min)

% wt

34.1

42.6%

6.2

7.8%

-

3.8

4.7%

3.1%

-

2.3

2.8%

15.2

20.6%

-

15.2

18.9%

15.2

20.6%

-

15.2

18.9%

3.2

48.8%

Humectant

-

-

1.5

23.3%

1.5

1.9%

Spices (solids)

-

-

0.8

11.6%

0.8

0.9%

Gelling Agent

-

-

1.1

16.3%

1.1

1.3%

6.51

100.0%

80.00

100.0%

Total

73.49

100.0%
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A.4 Mass Balance by Streams for Batch Design Process
Table A.4.1: Material Balance Around Supramix

Table A.4.2: Material Balance around Scraped Surface Heat Exchanger

54
Table A.4.3: Material Balance Around Mix Tank

A.5 Mass Balance by Streams for Batch Process Achieving End-Goal Production
Table A.5.1: Material Balance Around Supramix
Stream A
Ingredients
Corn Syrup

in (lb/min)

Stream D

lbs (batch)

% wt

out (lb/min)

lbs (batch)

% wt

34.10

1610.69

0.83333

34.0959

1610.69

0.463917793

water

3.03

143.17

0.07407

3.0307

143.17

0.0412371371
6

LS sugar

3.79

178.97

0.09259

3.7884

178.97

0.0515464214
5

Corn solids

0.00

0.00000

0.00000

2.2731

107.38

0.0309278528
7

sugar

0.00

0.00000

0.00000

15.1537

715.86 0.2061856858

Fructose

0.00

0.00000

0.00000

15.1537

715.86 0.2061851097

40.91505927

1932.8274

1.00000

73.4955

Total

Stream B
Ingredients

3471.93

1

Stream D

in (lb/min) lbs (batch)

% wt

out (lb/min) lbs (batch)

% wt

Corn Syrup

0.00

0.000

0.000

34.10

1610.69

0.463917793

water

0.00

0.000

0.000

3.03

143.17

0.04123713716

LS sugar

0.00

0.000

0.000

3.79

178.97

0.05154642145

Corn solids

2.27

107.38 0.13043

2.27

107.38

0.03092785287

15.15

715.86 0.86957

15.15

715.86

0.2061856858

0

15.15

715.86

0.2061851097

823.24 1.00000

73.50

3471.93

1.0

sugar
Fructose
Total

0
17.43

0
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Stream C
Ingredients

in (lb/min)

Stream D

lbs (batch)

%wt

out (lb/min)

lbs (batch)

% wt

Corn Syrup

0.00

0.00000 0.00000

34.0959

1610.69

0.463917793

water

0.00

0.00000 0.00000

3.0307

143.17

0.04123713716

LS sugar

0.00

0.00000 0.00000

3.7884

178.97

0.05154642145

Corn solids

0.00

0.00000 0.00000

2.2731

107.38

0.03092785287

sugar

0.00

0.00000 0.00000

15.1537

715.86

0.2061856858

Fructose

15.15

715.86 1.00000

15.1537

715.86

0.2061851097

Total

15.15

715.86

73.4955

3471.93

1.0

1.00

Table A.5.2: Material Balance around Scraped Surface Heat Exchanger
Stream D
Ingredients
Corn Syrup

in (lb/min)

lbs (batch)

Stream E
%wt

in (lb/min)

lbs (batch)

% wt

34.0959

1610.69

0.463917793

34.0959

1610.69

0.46391779

water

3.0307

143.17

0.04123713716

3.0307

143.17

0.04123714

LS sugar

3.7884

178.97

0.05154642145

3.7884

178.97

0.05154642

Corn solids

2.2731

107.38

0.03092785287

2.2731

107.38

0.03092785

sugar

15.1537

715.86

0.2061856858

15.1537

715.86

0.20618569

Fructose

15.1537

715.86

0.2061851097

15.1537

715.86

0.20618511

Total

73.4955

3471.93

1.0

73.4955

3471.93

1.0
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Table A.5.3: Material Balance Around Mix Tank
Stream F
Ingredients

in (lb/min)

lbs (batch)

Discharge
%wt

out (lb/min) lbs (batch)

% wt

Gellatin agent

1.058425064

50.00000

0.16267 1.058425064

50.00

0.01322994

water

3.175275191

150.00000

0.48800 3.175275191

150.00

0.03968981

Humectant

1.515372566

71.586

0.23289 1.515372566

71.59

0.01894162

0.7576862828

35.793

0.11645 0.757686282

35.79

0.00947081

Corn Syrup

0.00

0.00000

0.00000 34.09588273

1610.69

0.42618635

water

0.00

0.00000

0.00000 3.030745131

143.17

0.03788323

LS sugar

0.00

0.00000

0.00000 3.788431414

178.97

0.04735404

Corn solids

0.00

0.00000

0.00000 2.273058848

107.38

0.02841242

sugar

0.00

0.00000

0.00000 15.15372566

715.86

0.18941616

Fructose

0.00

0.00000

0.00000 15.15368332

715.86

0.18941563

Total

6.51

307.38

3779.31

1.00

Spices

1.00

80.00

A.6 Enthalpy Requirements for estimated energy Required for Current Production Process
A.6.1 Enthalpy values used for Syrup Mix Tank

A.6.2 Enthalpy values used for Gelling Mix Tank

A.7. Energy Balance by streams for Continuous Design
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A.7.1: Energy Balance Around Premixer

A.7.2: Energy Balance Around Inline Blending Unit 1

A.7.3: Energy Balance Around Contherms one, two and, three
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A.7.4: Energy Balance Around Inline Blending Unit 2

A.8 Energy Balance for Continuous Design Achieving End-Goal Production
A.8.1: Energy Balance Around Premixer

A.8.2: Energy Balance Around Inline Blending Unit 1

A.8.3: Energy Balance Around Contherms one, two and, three
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A.8.4: Energy Balance Around Inline Blending Unit 2
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A.9: Volumetric Flow rates in each unit for Continuous Design for Volume Finding Calculation

Premixer 1

Stream A

Stream B

In (gal/min)

Out (gal/min)

Total

In-line Blending
Unit 1

5.1

Stream B

Stream C

Stream D

In (gal/min)

In (gal/min)

Out (gal/min)

Total

Contherm Units

5.1

1.3

Stream D

Stream E

In (gal/min)

Out (gal/min)

Total

In-line Blending
Unit 2

5.1

6.4

6.4

Stream E

Stream F

Stream G

In (gal/min)

In (gal/min)

Out (gal/min)

Total

6.4

0.6

A.10: Volume Calculation of Buffer Tanks and In-line Blending Units
Density of the Syrup (lbs/gal):

11.50

Assumed tao value (sec):

600

Volumetric Flow Rate
(gal/sec):

0.12

Volume (gal):

6.4

69.57

7.0
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A.11. Cash Flow Table

INV
WC
$419,772.32
$62,965.85
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00 -$62,965.85

PROFIT
$0.00
$15,569,016.05
$8,817,446.47
$16,019,120.69
$20,340,125.22
$17,099,371.82

NPV=
PBP=

INC
$0.00
$56,263,079.84
$56,263,079.84
$56,263,079.84
$56,263,079.84
$56,263,079.84

TAX
$0.00
-$3,269,493.37
-$1,851,663.76
-$3,364,015.34
-$4,271,426.30
-$3,590,868.08

EXP
$0.00
$29,441,447.82
$29,441,447.82
$29,441,447.82
$29,441,447.82
$29,441,447.82

CF
-$482,738.17
$23,552,138.65
$24,969,968.26
$23,457,616.67
$22,550,205.72
$23,230,763.93

$47,818,094.32
0.02058094242

DISC CASH

DEP
FRAC

DEP

0
$0.00
0.2 $11,252,615.97
0.32 $18,004,185.55
0.192 $10,802,511.33
0.1152 $6,481,506.80
0.1728 $9,722,260.20

DISC CF
1
-$482,738.17
0.7142857143 $16,822,956.18
0.5102040816 $12,739,779.72
0.3644314869 $8,548,694.12
0.2603082049 $5,870,003.57
0.1859344321 $4,319,398.90
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A12: Discarded Major Equipment Research

LEE INDUSTRIES
Background Information
Lee Industries offers a scraped wall heat exchanger (call the Dual Roto Ex) that uses either chilled
water or glycol refrigerant (in an inner and outer shell) and can cool a variety of products from the
very viscous products, such as; peanut butter or shortening to fruit juices. The Dual Roto Ex has an
overall heat transfer U values of 150 BTU/hr./ft2 °F and can handle product flow rates from 500
lbs./hr. to 10,000 lbs./hr. The exchanger has a built-in flash chamber for the required calculated heat
transfer surface area to be provided in a single pass/single unit evaporator to produce the desired
production rate on a continuous basis, with the desired final solids syrup gravity fed to the coating
equipment. This design eliminated the need for multiple heat exchangers. We purpose the addition of
this heat exchanger between the syrup mix tank and syrup cool to decrease the cooling time before
the addition of gelatin.
Vendor Findings
After speaking to Michael Douglas (Lee representative, Application Engineer) the group reached the
conclusion that the Dual RotoEx would not work for this process. The first challenge to the viability
of the Dual RotoEx was the small product inlet, according to the vendor the inlet is not customizable
and with the thickness of the product, it would have a high risk of clogging increasing down time and
decreasing the time savings of implementing the more efficient heat exchanger. The second
challenge is the cost, since the cost of a sole unit is around $150,000 (not including installment and
piping) which compared to other vendors that have different specifications but similar surface area
and “footprint” (amount of floor space taken occupied by equipment) was seen as a very expensive
piece of equipment.

SPX FLOW
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Background Information
SPX Flow offers the same product that goes by the name of Votator II and, just as the product from
Alfa Laval, it can also be used for heating and cooling products of a wide range of viscosities,
including extremely thick and sticky products that require the cam action of the eccentric design. The
efficiency and productivity of the Votator II results from a simple concept of heating or cooling
continuously-moving product by providing a large heat transfer surface for a small amount of product
in a confined space.
Vendor Call
We talked to Burt Greenstein, one of their Application Engineers and he explained how their product
works. A mutator shaft rotates within a tube. The product passes through an annulus formed by the
shaft and heat transfer tube. Heating or cooling medium flows in a jacket. The unit is insulated to
minimize energy loss and protect personnel. In operation, the rotating shaft has blades which
continuously scrape product film from the heat transfer tube wall, thereby enhancing heat transfer,
and agitating the product to produce a homogenous mixture. He also mentioned the heat exchanger
comes jacketed on both sides of the exchanger in order to keep temperatures constant and reduce any
heat transfer as much as possible. He said he has seen it work for the manufacture of candy and
chocolate and that it usually works well with syrups too. Although he hasn’t had projects that involve
the transition from Batch to Continuous process, he was still confident to say the equipment would
work. Also , he mentioned that by changing the size of the shaft that goes inside the exchanger,
residence times could be manipulated. This is our second best choice when talking about these types
of exchangers, and we are positive it could either help PFD1and PFD 2.

KENICS
Background Information
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The Kenics Heat Exchanger consists of a continuous string of static mixer elements within each heat
exchanger tube. Fluid flow is directed radially toward the pipe walls and back to the element,
regardless of velocity. Additionally, momentum reversal and flow division also contributes to the
mixing efficiency. All processed material is continuously and completely intermixed to eliminate
radial gradients in temperature, velocity and material composition. By using Kenics Static Mixer
elements in each heat exchanger tube, the film build-up commonly associated with laminar flow
empty tubes is significantly reduced. Process fluid is continuously pushed from the center of each
tube, to the wall and back to the center, eliminating thermal gradients and boosting the inside film
coefficient. The vendor never contacted us back after the first email explaining the project and
challenges, currently we are not planning to use any equipment from Kenics.

TER BRAAK AND BOSCH COMPANIES
Background Information
An interest on a coil cooker was also initially considered to heat up the ingredients until its maximum
temperature. The sugar-glucose solution of approx. 80% DS manufactured by a dissolving line is
pumped into the cooking sections (coil or cylinder) by a power-controllable rotary piston pump. The
sugar solution is boiled down to approx. 96-97% TS in this section. The thickened sugar mass with
the vapours runs out of the cooking sections (coil or cylinder) into the diffuser and is separated. The
vapours are fed upwards through the vapour separating tube and the sugar mass collects in the
tapered section of the vapour separating room. The vapour separating room can be regulated.
The sugar mass is sucked from the vapour separating room into the vacuum room by a flow valve
that is adjusted by a motor. The flow valve regulates the flow quantity based upon the level. The inlet
piece to the vacuum room is heated. In the vacuum room the dry substance of the sugar mass is
increased by reducing the boiling point which then causes re-evaporation. The sugar mass is
simultaneously cooled down. This is achieved by a stable, controlled and very high vacuum. The
sugar mass is transported out of the vacuum room directly into the in-line mixer by the roller drawoff. In the mixer ingredients such as colouring, flavour, crystallising acid etc. are added and mixed
homogeneously.
Benefits of coil cooker
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● The successful and sophisticated thin-film evaporator principle makes the vacuum-cooking
process for milk masses possible.
● Low temperature while cooking under vacuum, therefore low degree of caramelization
possible.
● Suitable for high product quality (high vacuum, up to ≤ 50 mbar)
● Available in different output ranges approx. 1000/2000/3000/4000 kg hard caramel masses/h
● Flexible connection to the embossing belt (up to 4 lines with up to 3 recipes simultaneously
possible)
●
PULSE AIR
Background Information
The Pulse Air compressed air mixer offers fast and efficient mixing using compressed gas at the
agitator rather than the traditional pre-mixer or inline static mixer. The compress air mixer figure
below works similar to a fish tank air stone the compressed gas is sent to a diffuser at the bottom of
the tank and the bubbles that form cause agitation in the fluid that needs to be mixed. This option
was very attractive due to its lack of moving parts and high energy efficiency (claim of up to 95%
energy savings). However, this option may not work for the flow rate of the material and the higher
viscosity (as compared to mixing options wine or drinking water, the viscosity of our product, when
flowable is similar to honey 90 poise).
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Figure 4: Pulsair System
HEINKEL
Background Information
The last vendor approached was Heinkel, a company based on Germany that is commonly known for
their industrial dryers and mixers. It was decided to approach this vendor because of their Nutsche
filter dryers which in general are very common and useful in the pharmaceutical industry when
mixing different ingredients in a batch process, however it is not limited to be used in other
industries. The Nutsche filter dryer has different capabilities to manipulate temperature and pressure,
in order to filter, mix, , heat, cool, or dry a specific mixture. The final product doesn’t have to be a
powder since these three different functions can be manipulated independently.

What was most appealing about this product is that it simulated a cooker where ingredients were
added at specific times while manipulating the desired temperature. It also comes with a stainlesssteel agitator in the middle that scrapes the mixture as the equipment heats up the mixture. Steam,
nitrogen, and water are the most common media used to either heat or cool a mixture. As mentioned
earlier, this equipment is also used in the food industry, and therefore we decided to talk to the
Application Engineer from Heinkel, Bob Edwards, in order to discuss how feasible the product would
be for handling syrups. Unfortunately the product did not meet the expectations since it handles more
liquids and slurries that are expected to be fully dried. Also, the agitator is not powerful enough to
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scrape thick syrup from the walls of the dryer and he was hesitant about the discharge part of the
product. After the call, this idea was then discarded but it was still very useful to know and learn the
true purposes for this type of equipment.

